The flame used in combustion flame spraying is typical of a high-temperature free jet. The flow fields of free jets are multi-phase flows that couple the mass and heat transfer. This work develops an analytical method to describe free combustion spray jets. The aim of the research is to develop a fully understanding of the characteristics of free-flame jets. Experimental measurements were carried by a unique high-speed continuous CCD camera.
Introduction
The firing of a thermal spray flame is typical of a laminar diffusion combustion jet. Laminar jet flames have been the subject of fundamental research and can be used to develop an understanding of thermal spray flames. In a free laminar jet, the fuel stream is usually partially premixed with air. A primary concern in the analysis of thermal spray system is the flame geometry and the parameters that control flame size and shape. The characteristic time of flame combustion has been determined by the flame-extinguishing experiments.
Non-reacting constant-density laminar jet

A. Physical description
It is necessary to consider a simple case of non-reacting laminar jet of a fluid (fuel) flowing into an infinite reservoir of a quiescent fluid (atmosphere air). This simple case develops an understanding of the basic flow and diffusional processes that occur in laminar jets [ ] 1 . Fig. 1 Non-reacting, laminar fuel jet issuing into an infinite reservoir of quiescent air Fig. 1 illustrates the essential features of a fuel jet issuing from a nozzle with radius R into still air. The velocity profile was assumed to be uniform at the tube exit. Close to the nozzle exit, there is a region called the potential core of the jet. In the potential core, the velocity and nozzle-fluid mass fraction remain unchanged from their nozzle-exit values and are uniform in this region.
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The initial jet momentum is conserved throughout the entire flow field. As the jet issues into the surrounding air, some of its momentum is transferred to the air. While more and more quantities of air are entrained into the jet, the velocity of the jet decreases as the jet proceeds downstream. This idea can be expressed by using an integral form of momentum conservation [1] :
Where e ρ and e v are the density and velocity of the fuel at the nozzle exit, respectively. Fig. 1 illustrates the decay of the centerline velocity with distance beyond the potential core.
B. Solution
The velocity field can be obtained by assuming the profiles to be similar. The radial distribution of ( ) x r v x , , when normalized by the local centerline velocity ( )
x v x , 0 , is a universal function that depends only on the similarity variable, r/x. The dimensionless centreline velocity decay is obtained by setting r = 0
(
Other important parameters used to characterize jets are the spreading rate and spreading angle, α The idea of the jet half-width, 2 / 1 r is introduced to define the spreading rate and spreading angle. The jet half-width is simply the radial location where the jet velocity has decayed to one half of its centreline value. An expression for 2 / 1 r can be derived by setting 2 / 1 r to be one half and solving for ( )
The ratio of the jet half-width to the axial distance x is termed the jet spreading rate. Thus, The feature of laminar jet diffusion flames is the relationship between flame length and initial conditions. The flame length is then obtained when r equals zero:
The flame length is proportional to the volumetric flow-rate and inversely proportional to the stoichiometric fuel mass fraction.
Simplified theoretical descriptions for flame jets
The earliest theoretical description of the laminar jet diffusion flame is that of Burke and Schumann [2] published in 1928. Their theory predicted flame lengths reasonably well for axisymmetric (circular-port) flames. This good agreement led other investigators to refine the original theory. More complete mathematical descriptions can be found in advanced texts [3] and [4, 5, 6] .
Calculated results for non-reacting acetylene jets
A jet of acetylene ( (1) The flame jet structure has been obtained and its centerline velocity decay in the combustion thermal spray has been calculated.
(2) The spreading angle of the laminar flame jet has been calculated. The spreading angle can describe the diffusion in laminar jet and it is noticed that this angle is quite small compared with that of turbulent flame jet.
